The mechanical heat treatment (MHT) is one of the pre-treatment alternatives for conditioning the municipal solid waste (MSW) before its further separation, recovery and reuse. The MHT would result in the change of properties of constituents of MSW, making it suitable for separation. For example, the plastics may be softened and shrunken. Therefore, the MSW via the pre-MHT can be more easily separated into various fractions of resources such as metals, plastics, compost-like and primary refuse derived fuel (RDF) or bio-char for further re-utilization.
Introduction
The ultimate goal of the waste management aims at the complete collection of the garbage, proper treatment for the thorough energy recovery and material reuse targeting at a sustainable utilization of all resources. Traditional waste treatments processes include landfill, incineration and recycling. Incineration is a process which directly combust or incinerate the waste to generate heat and then recycle the energy through the production of steam or hot water with the help of heat recovering facilities. The incineration residues including sand, ceramic, glass, metal and little incomplete combustion of organic matter are sent to landfill. The process of incineration not only wastes a significant amount of reusable energy, but also produces secondary pollutants such as ash dregs or fly ash [1] [2] [3] . Further, if the plastics are directly recycled without any pretreatment, it will cause the lack of storage space and the consumption of transportation expense. Therefore, the new generation of energy recovery technique of the waste to replace incineration must take into consideration all kinds of factors such as the complex varieties and properties of the waste, the availability of waste as a resource, the technique for its transportation and storage, the constrain of economics and relevant regulations and the energy or environmental benefit for the whole systems. Thereafter, in addition to the enhancement of performance and the reduction of the cost, it has become a trend converting the waste into energy of different forms. According to a report of Environmental Protection Administration of Taiwan (TEPA) in 2008 for the Municipal solid waste (MSW) composition, there are 44.54% of paper, 2.63% of fibrous cloth, 1.99% of wood, bamboo and fallen leaves, 30.56% of kitchen waste, 17.28% of plastics, 0.36% of leather and rubber, 0.33% of ferric metals, 0.33% of non-ferric metals, 1.11% of glass, 0.5% of ceramic sands and 0.48% of other combustible materials [4] . These data reveals that there is a high content of plastics in the MSW. With certain kinds of pretreatment techniques, the separation of MSW and the followed resources recovery and reutilization may become more complete and efficient. The so called cooking assorting or mechanical heat treatment (MHT) is one of the techniques that are worthwhile to be evaluated [5, 6] . The MHT would result in the change of properties of constituents of MSW, making it suitable for separation. For example, the mass of non-plastics decreases while the volume density increases. The cellulose and hemi-cellulose of biomass in MSW are decomposed for easy torrefaction. The plastics may be softened and shrunken. Thus, the objective of this study was to examine the efficiency and effective of energy recovery and volume downsize of plastics via MHT process. In this research, we investigated over the changes of weight, triple components, true density and calorific value of high density polyethylene (HDPE) before and after the cooking process for the reference need in plastic recycling from MSW via cooking separation process.
Methodology

Devices
Cooking apparatus used for this experiment is illustrated in Fig. 1 . This apparatus includes a steam generator that can produce saturated steam and a high temperature (398-593 K) and high pressure (5-205 kg cm -2 ) autoclave equipped with stirring accessory. The autoclave is made by stainless steel 316 with inner volume of 1.5 L. The stirring axes are composed by outer and inner axes. The inner axis is enclosed in the outer axis and driven by the outer axis with magnetic force. The bearing is cooled by cooling water. The outer axis is connected to 0.25 hp motor. The upper cap has six holes with three for thermal couple, pressure gauge and release valve, while three for spare port. The steam generator is constructed by an autoclave and an oven. The heating wire of oven is made of nichrome. The oven temperature is controlled by a proportional-integral-differential (PID) controller with K-type thermal couple in the vessel.
Experimental conditions
HDPE, the most common plastic that can be found in MSW for the experiment, was selected. Then the cooking experiments was performed 60 minutes with 100, 150 (P g = 5.15-5.4 kg cm -2 ) and 180 o C (Pg = 8.05-10.25 kg cm -2 ) saturated high temperature steams via cooking apparatus. The dry weight changes, triple components (including water, ash and combustible components), true density and calorific value for the HDPE before and after the cooking process were examined.
Analytical methods
The thermal stability of HDPE was analyzed by the thermal gravity analysis (TGA) (model TGA51, Shimadzu Co., Kyoto, Japan). The calorific value was measured by a calorimeter (model 6775, Parr Instrument Company, Moline, Illinois, USA). The triple components were analyzed by a high-temperature oven (model muffle furnace DF 40, Deng Yng Co., Taipei, Taiwan). 
Results
TGA of HDPE
TGA has proven to be a useful and efficient technique of the estimation of thermal stabilities of plastics. TGA is also widely used in studying pyrolytic processes. In this research, we investigated over the TGA to observe the degradation point and thermal behavior of HDPE. 
Dry weight changes after cooking
We can roughly speculate the thermal characteristics of the HDPE samples by the observation of weight changes in samples. As shown in Fig. 3 , there is no significant dry weight change before and after cooking process in a steaming condition of 100, 150 and 180 o C. As HDPE has a melting point of 130-140 o C and a degradation point of 350-380 o C [7] , the results indicate that the melting of HDPE at 150 and 180 o C has negligible effect on dry weight reduction. 
Triple component analysis
With the analysis of triple components (including water, ash and combustible components), we can know if there's any change in the organic components of the samples. Moreover, a high quality of RDF would possess a higher value for the combustible component, and lower values for moisture and ash contents. Thus, the triple components analysis is also an important index to assess MSW if it is suitable to be utilized as RDF. The results of Fig. 4 show there is little change in the amount of combustible component existed in HDPE after cooking. The combustible component content is 99.62% before cooking and 99.02, 98.98, 98.21% after being cooked in saturated steam condition of 100, 150 and 180 o C, respectively. Therefore, we can conclude that the organic component does not reduce in those steaming conditions of 100, 150 and 180 o C. The results also indicate that the combustible component (> 98%) of HDPE is very high, which is larger than that of the unprocessed MSW (30-40%). Thus, if we recycle the plastics as energy resource or RDF via MHT process, the energy utilization of MHT will be more efficient and effective than that of direct incineration treatment of MSW. Figure 5 indicates that with an increase of temperature of steam introduced, the true density after cooking offers increases, reaching a value of 0.983 g cm -3 at 180 o C. This is due to that thermoplastic material fluidizes and swells after being heated. It then solidifies and shrinks from the melt status during cooling. Taking advantage of this characteristic, cooking process offers a very promising volume reduction effect for thermoplastics and can reduce the storage space and transportation expense drastically. Moreover, plastics soften and shrink into pellet shape with an increasing density and thus can be easily separated from other components existed in the MSW and enhancing recovery of plastics for utilization. 
True density changes
Calorific value changes
As shown in Fig. 6 , the heating values (H V ) of HDPE before and after MHT are higher than that of coal of about 7000-8000 kcal kg -1 [8] . It has a value of 10654 kcal kg -1 before cooking and 10834, 10680 and 10669 kcal kg -1 after cooking in saturated steam condition of 100, 150 and 180 o C, respectively. We observed that H V did not have a big change for the said cooking conditions. We can therefore conclude that the cooking process does not cause the degradation or other chemical changes of HDPE which may further influence its heating value. As contrasted with the H v of 1889 kcal kg -1 of unprocessed MSW [4], it is clear that the separation of non-combustibles in the waste (glass and metals) can increase heating value and energy generation. From the point of view of maximization of energy recovery of MSW, MHT is a good pretreatment process for the separation of non-combustibles and energy recovery in MSW. 
Discussion and conclusion
In accordance with the theme of sustainable material management (SMM), the waste is viewed as the used material. The ultimate goal of SMM is targeted at total recycling and reuse without discharge of waste. To follow the appeal of SMM, this study applied the MHT for the recovery of waste plastics from waste stream, aiming at the feasibility of its recovery for the re-utilization as energy resource. As shown in Fig. 7 , the recovered plastics can be directly utilized as RDF. The ferric materials and gravels can be separated via magnetic or gravity separations. The MSW containing cellulose (including organic fiber (fiber) and cotton (floc)) can partially hydrolyze after cooking to form bulk powder materials, which can help the decomposed cellulose granulation to produce renewable fuels. The treated MSW containing cellulose can be torrefied together with other agricultural and forestry materials to produce biocoal, or use as an agricultural soil improvement materials. Therefore, we can summarize that MHT has the following advantages including the disinfection, deodorization of the waste, ease of sorting and recycling and effective utilization of resources especially for energy use. Among these resources, the treated plastics can be easily separated, stored and transported, because the plastics are deformed and shrank into pellet shape with an increasing density after MHT. Further, the chemical characteristics, such as dry weight, combustible component and H V , do not have significant changes for the said cooking conditions, which can be concluded that MHT is a good and interesting process to completely recycle the plastics as energy resource if compared to incineration treatment. The information obtained in this study is useful for the rational design and proper operation of MHT system for treating the used plastics in the MSW and separating it for the re-utilization as energy resource.
We can draw the following critical conclusions through the experimental results cited above.
(1) With the cooking technique, it can achieve a volume and size reduction of HDPE.
(2) The true density of HDPE reaches a high value of 0.983 g cm -3 with a 180 o C saturated steam condition. (3) HDPE has a very high calorific value and exhibits no significant changes in dry weight, triple component composition and calorific value after MHT. It is very suitable to be used as RDF. (4) As compared with the calorific value and combustible component of HDPE and unprocessed MSW, the energy utilization of MHT will be more efficient and effective than that of direct incineration treatment of MSW.
